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1 Introduction 
Multimodal cardiac is differently intended and 
addressed by scientist of different disciplines. This 
is also evident reading some of the papers presented 
in this conference [1-4]. The same terminology can 
be used to define integration of data obtained with 
different non invasive cardiac imaging methods, 
inverse reconstruction of cardiac activation patters 
from surface mapping data, or three-dimensional 
localization of cardiac sources and transfer of the 
results into anatomical images. All the above 
mentioned approaches are valid and can be 
clinically useful, however some of them can be 
unnecessary or even redundant in the cardiac 
electrophysiology laboratory, where the 
cardiologist’s needs are: 1) definition of the 
arrhythmogenic mechanism(s) underlying the 
clinical arrhythmia under investigation, 2) precise 
and reproducible catheter placement right on (or as 
close as possible to) the arrhythmogenic substrate, 
3) validation of the substrate as responsible for the 
arrhythmia 4) ablation of the substrate and 5) 
minimal invasivity and X-ray exposure. 
Whereas point 1 had been sufficiently fulfilled, for 
many years, using single or biplane fluoroscopic 
imaging, after the introduction of catheter ablation 
the need has become evident of a better anatomical 
definition of catheter placement and of three-
dimensional integration of the electrophysiological 
data. 
For a long while this electroanatomical integration 
in the EP laboratory has been roughly achieved 
only through a difficult mental process of the 
cardiologist using catheter endocardial mapping 
and fluoroscopy [5,6]. This however was an 
imprecise, time- consuming approach, which 
implies prolongation of the invasive procedures and 
of patient irradiation time. Moreover two-
dimensional fluoroscopic imaging was 
anatomically misleading. In fact the fluoroscopic 
nomenclature and classification of arrhythmogenic 
structures, like for instance accessory pathways, use 
until two years ago were wrong when compared 
with their true anatomical position [7].  
New methods therefore are desirable, to simplify 
precise placement of mapping and ablation 

electrocatheters, to achieve a better anatomical 
integration of electrophysiological information and 
localization of arrhythmogenic targets.  
Furthermore it would be ideal for the interventional 
electrophysiologist to start the invasive procedure 
having a preoperative localization of the 
arrhythmogenic target already marked into a three-
dimensional anatomical reconstruction of a 3D 
model of the patient’s heart, scaled on the screen at 
the same size of fluoroscopic bi-dimensional 
images and interactively rotable by the operator.  
The system should also provide real time imaging 
of the distal terminal of the mapping and ablation 
catheter, and compare its 3D coordinates with those 
of the preoperatively defined arrhythmogenic target 
[8]. 
With this problem in mind, since the eighties we 
felt that magnetocardiography had the potentiality 
to provide new imaging power in the EP 
Laboratory and pushed forward the idea [9-11].  
However technological limitation and skepticism 
affected at that time the development of a feasible 
biomagnetic instrumentation for clinical use.  
Meanwhile, the basket catheters technique and 
other new methods for three-dimensional (3D) 
localization of electrocatheters and electro-
anatomical integration of local endocardial 
activation time, which use externally applied 
magnetic or electric fields, were developed and are 
now under clinical evaluation [12-15]. The major 
limitations of all the above methods are: 1) the lack 
of a realistic anatomical presentation of the EP data, 
and 2) that they can be used during catheterization 
only. With those methods therefore, there is no 
direct link between the intraoperative procedure 
and preoperative, non-invasive localization of the 
substrate.  
On the contrary, with present cryogenic and 
computer technology, Cardio-Magnetic Source 
Imaging (CMSI)  [16] can be refined as an unique 
method which can be used both for preoperative 
non invasive 3D localization of arrhythmias, and 
intraoperative non-fluoroscopic 3D localization of 
electrocatheters (AC) for EP recordings or ablation 
[17]. This innovative approach implies the use of 
amagnetic electrocatheters [18], and the 



development of more realistic anatomical 3D 
cardiac model. 

2 Methods 
2.1 The amagnetic catheter 
The special geometry of previous and new AC, 
which can be precisely localized by MCG mapping, 
has been extensively described elsewhere in this 
conference [17,18]. This development has the 
potential for future automatic drive of the catheter, 
by  numerical spatial control of its distal terminal, 
until the three-dimensional coordinates fit at the 
best those of the magnetically localized 
arrhythmogenic area. 

2.2 3D realistic model of the heart  
Since our first “hand made” attempts of multimodal 
cardiac imaging for the EP laboratory, it was 
immediately evident that movements of the chest 
and of the heart, due to respiration and pumping 
function during data acquisition, represented a 
major problem for multimodal integration.  
At that time the results of MCG localization of 
accessory pathways were transferred into a rough 
digitized reconstruction of the heart silhouette, 
inferred by integration of fluoroscopic and 
echocardiographic images (figure 1). The images 
where primitive, nevertheless the results were 
surprisely accurate [10,11]. 

 
Figure 1: Rough 3D imaging of MCG localization 
results in one patient with right ventricular 
preexcitation. The patient heart silhouette was 
inferred by 2D fluoroscopic images, which were 
integrated with  position and size of the Atrio-
ventricular valves and of the interventricular 
septum, gathered by 2D echocardiography  
 

A better presentation was achieved with a first 3D 
model reconstructed with the Boundary Element 
Method from MRI slices, but still the same problem 
remained when attempting integration of MCG 
localization with fluoroscopy and MRI, especially 
when the recordings were not performed in the 
same location and session (figures 2 and 3). 

 
Figure 2: Same patient as in figure 1. Example 3D 
MCG imaging of a right sided Kent type accessory 
pathway into BEM heart model. 

Indeed the mismatch observed between the MCG 
localization of amagnetic catheters and their true 
physical position, could be partially due to errors 
introduced by the need to perform MCG and MRI 
recording in different sessions and with different 
bed configuration (figure 3) [19]. 

 
Figure 3: Example of multimodal comparison of 
MCG localization of Multi-MAP amagnetic 
catheters in man.  

Thus it is important for the localization accuracy to 
perform all measurements with the patient on the 
same bed and under the same conditions. This is 



impossible with MRI, however MCG mapping and 
fluoroscopic imaging can be performed during the 
EP study in the same session, without moving the 
patient.  
For this multimodal imaging in the EP laboratory a 
new modeling approach is needed, to develop 
simple, routine, construction of the 3D model of the 
patient heart, from his 2D fluoroscopic imaging. 
This can be done, tailoring to the individual patient 
size an “elastic” 3D MRI-based model, using 2D 
orthogonal fluoroscopic images. A further 
refinement could be obtained by integrating 
individual measurements  inferred from ultrasound 
measurements. 
Such an approach is ongoing, and preliminary 
results have been presented in the interesting paper 
of Veisterä et al, in this Conference [20]. The 
software is already advanced enough to construct, 
from 2D orthogonal fluoroscopic images, a realistic 
3D heart model, which can be scaled on the screen 
at the same (real) size of fluoroscopy, and  
interactively rotated by the operator (figure 4). 

 
Figure 4: Sequence of reconstruction of a 3D heart 
model (c) from 2 orthogonal fluoroscopic images 
(a). In (b) automatic outline of the cardiac profile is 
shown (Courtesy of H. Veisterä [20]). 

Aside source localization based on single point-like 
dipolar source model, more advanced 
cardiomagnetic source imaging, can be achieved 
with the current density estimation (CDE) method, 
which solve the cardiomagnetic inverse problem 
approximating the primary current distribution with 
dipolar elements, as described in more details 
elsewhere in this volume [21]. With this method a 
direct imaging of the primary current on the 
epicardial and/or endocardial surface of the heart 
can be obtained (figure 5d). This might enhance the 
detection of injury currents in the EP lab, especially 

when combined with the Multi-MAP recordings 
(figure 5c). 

 
Figure 5: example of ideal multimodal imaging in 
the EP laboratory. Aside conventional fluoroscopy 
(a), the site where the amagnetic catheter Multi-
MAP recording (c) is performed, is localized by 
CMSI and marked into the 3D realistic heart 
model.  

3 Discussion 
Electroanatomical 3D integration can be nowadays 
achieved with different methods like e.g.  
CARTOTM, Ensite,  or LocaLisa. However a 
limitation of all those methods is that their imaging 
capability, at the moment, is not immediately 
consistent with fluoroscopy, which still the imaging 
standard for the mental processing of the clinical 
electrophysiologist is used. Moreover the anatomic 
presentation of the data is only partially realistic. 
CMSI is valuable to provide non-invasive 
localization of arrhythmias, and to assist catheter 
driving during invasive EP study, in patients 
susceptible of successful ablative treatment. 
However, for clinical application, a more dynamic 
integration of the CMSI results with realistic 
cardiac anatomy and data gained during invasive 
EPS needs further development. This approach is 
also highly cost/effective, in that it will avoid MRI 
for the vast majority of the patients undergoing the 
CMSI-guided EP study. 
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